Lower gastrointestinal bleeding is common and occurs often in elderly patients. In rare cases it is associated with hemorrhagic shock. A large number of such bleedings, which are often caused by colon diverticula, subside spontaneously. Alternatively they can be treated by endoscopic procedures successfully. Given the aging population of our society, the rising incidence of lower gastrointestinal tract bleeding and new anticoagulant therapies, some of the bleedings tend to be severe. Colonoscopy is the established standard procedure for the diagnosis and treatment of lower gastrointestinal bleeding. However, a small number of patients experience re-bleeding or shock; their bleeding does not resolve spontaneously and cannot be treated successfully by endoscopic procedures. In such patients, interventional radiology is very useful for the detection of bleeding and the achievement of hemostasis. Against this background we performed a literature search using PubMed to identify all relevant studies focused on the endoscopic and radiological management of lower gastrointestinal bleeding and present recent conclusions on the subject.
Introduction
Diverticular bleeding is the most common cause of lower gastrointestinal bleeding (LGIB). Severe hematochezia is caused by diverticular bleeding in approximately 40% of cases ( Figure 1 ). In 70%-80% of cases the bleeding ceases spontaneously without any intervention, but some patients require endoscopic, surgical or angiographic treatment. Although endoscopic hemostasis for diverticular bleeding appears to be effective and is the therapeutic option of choice, the optimal technique remains to be determined. 1 The most challenging and complex factors concerning the emergency management of an LGIB are the large surface area of the colon and residual stool. 2 It is still a matter of debate whether an endoscopic approach should be performed immediately after admission, or electively after hemodynamic stabilization. Given these challenges and the optimal time point of diagnostic endoscopy, a timely colonoscopy performed 6-12 h after hospitalization has been reported to identify the site of bleeding in 42%. In contrast, the rate of identification was only 22% when an elective colonoscopy was performed 72 h after admission. 3, 4 Furthermore, an aggressive bowel preparation regimen 3-4 h before emergency colonoscopy was able to identify bleeding more often and permitted hemostasis in the colon more frequently. However, it remains unclear whether other strategies should be used for the primary management of LGIB in the future in order to improve the high rates of early and late re-bleeding associated with this condition. The ''endoscopy first'' approach has not been proven superior to the ''angiography first'' strategy. In a randomized controlled trial by Green et al., 50 patients were randomized to urgent purge preparation, followed immediately by colonoscopy or an angiographic intervention without colonoscopy. The authors found no difference in outcomes between the two groups, including mortality rates, hospital stay, intensive care unit stay, transfusion requirement, early re-bleeding, surgery, and late re-bleeding. 4 
Methods
A comprehensive literature search was performed to identify all relevant studies in which endoscopy and angiography were performed for LGIB. Through PubMed the medical terms ''lower gastrointestinal bleeding,'' ''endoscopic management'' and ''angiography'' were used in the search. We also searched the reference lists of the screened articles to identify any additional studies that might be relevant.
Clinical management
LGIB occurs much less frequently than upper gastrointestinal bleeding. The causes of bleeding can be manifold (Table 1) . The clinical spectrum of LGIB ranges from mild self-limiting hemorrhage, which accounts for about 80% of cases, to massive hemorrhage. This may lead to a rapid drop in hemoglobin levels with hemodynamic effects and shock. 5 Intensive medical monitoring should be performed in all patients, depending on their clinical and vegetative symptoms. Stabilization of vital functions such as hemodynamics, respiration, and gas exchange are essential for successful treatment. 6 Transfusion is recommended only when the patient's hemoglobin level drops to below 7 g/dl 7 because transfusions of red blood cell concentrates within 24 h after the onset of the event may raise the likelihood of renewed bleeding in patients with gastrointestinal bleeding. 8 
Endoscopic management
Gastrointestinal endoscopy is the gold standard for the diagnostic investigation and treatment of LGIB. The sequence of gastroscopy or colonoscopy depends on the patient's clinical symptoms. [9] [10] [11] Although an urgent colonoscopy performed within 6 h is able to identify the source of bleeding more frequently in patients with LGIB, the urgent colonoscopy does not differ from elective colonoscopy in terms of mortality rates, the duration of hospital stay, the need for transfusions, early and late re-bleeding rates, and the need for surgical treatment. 4 Eleven percent of upper gastrointestinal bleedings are manifested clinically by hematochezia, therefore a gastroscopy should proceed in severe hematochezia to rule out upper gastrointestinal bleeding. 12 Complication rates after urgent colonoscopies (0.6%) are two-fold higher than those after elective colonoscopy. 2 In unstable patients an urgent endoscopy should be performed by an experienced investigator. 13 Nevertheless, successful endoscopic therapy depends on the visualization and identification of an actively bleeding diverticulum. This is rendered especially difficult in patients with diverticulosis of the entire large bowel and inadequate bowel preparation. Since the majority of bleedings tend to resolve spontaneously, the bleeding may not be detected on endoscopy either. Therefore, a rapid endoscopic diagnostic investigation, possibly with aggressive bowel preparation over three to four hours, may be advisable to maximize the diagnostic and therapeutic yield.
14 Figure 1 . A 66-year-old man with severe hematochezia and hemorrhagic shock. Endoscopy was performed immediately after admission to the hospital without bowel preparation. The endoscopic finding at the right colon was a spurting bleeding from a large diverticular that failed endoscopic therapy. 
Endoscopic therapy
A variety of techniques have been reported to be effective in achieving endoscopic hemostasis in patients with colonic diverticular bleeding ( Table 2) . Up to now, treatment with a hemoclip, with or without injection therapy, has been the preferred endoscopic procedure for the lower gastrointestinal tract, although only about 16% of patients with diverticular bleeding receive an endoscopic intervention. 15 Alternative hemostasis procedures such as ligation or electrocoagulation have not been sufficiently established yet for diverticular bleeding. 1 Some patients still develop re-bleeding, or it may not be possible to stop hemodynamically significant bleeding by endoscopy. 15, 16 In these cases there has been a paradigm shift from surgical treatment to interventional radiology in the last few years. 17 
Radiological management
The radiological management of gastrointestinal bleeding is well investigated and has become increasingly significant in the last few years. The major advantage of angiography-similar to endoscopy-is the possibility of simultaneous diagnostic investigation and therapy.
Nevertheless a computed tomography angiography (CTA) should be performed prior to conventional angiography in order to detect the source of bleeding and to map the vessel anatomy. 2 The American College of Gastroenterology (ACG) recommends in their guidelines that radiographic interventions should be considered in patients with high-risk clinical features and ongoing bleeding who do not respond adequately to hemodynamic resuscitation efforts and are therefore unlikely to tolerate bowel preparation and urgent colonoscopy. In general, surgery for acute LGIB should be considered after all other therapeutic options have failed. In contrast, in patients without high-risk clinical features or serious comorbid disease or without signs or symptoms of ongoing bleeding, colonoscopy should be performed next available after a colon purge and they should not undergo radiographic intervention. However, these recommendations have very low-quality evidence but strong or conditional recommendation levels. 18 Taking these recommendations into account radiological therapy is a less invasive complementary option for the diagnosis and therapy of LGIB, especially before a surgical procedure is chosen. Radiographic intervention could be considered especially in all patients with ongoing bleeding or when endoscopic therapy has failed 19 ( Figure 2 ).
Diagnostic radiology
CTA is able to detect gastrointestinal bleeding from a flow rate of 0.3 ml/minute onward; its sensitivity is 50%-86% and its specificity 92%-95%. Some series even report sensitivities of 100% and specificities of 96%. 20 Furthermore, CTA is able to isolate the site of bleeding and permit the investigator to express differential diagnoses. 21 In a meta-analysis of 124 patients with gastrointestinal bleeding who underwent CTA, extravasations of contrast medium were seen in 74 patients (60%). However, it is still unclear whether CTA performed prior to angiography has an impact on hard endpoints like re-bleeding rates, the need for surgery, or mortality rates. 2 Nagata et al. showed that CTA performed in addition to colonoscopy provided additional information about the vascular situation in 15% of cases. In contrast, angiography after CT is able to show extravasations in 52% of cases; the probability is even higher when the angiography is performed within 90 min after the CT. 22 A pioneering study conducted by Kennedy et al. showed, in 74 patients with gastrointestinal bleeding of uncertain origin whose CTA failed to reveal bleeding, that angiography performed 24 h after CTA also failed to demonstrate bleeding. Twenty-two patients had positive CTA, which was confirmed by angiography in 86% of cases. Sixty-four patients with no evidence of bleeding on CTA needed no subsequent treatment in 92% of cases. Thus, the positive predictive value of CTA was 86% and its negative predictive value 92%. 23 Although these cases are very rare, diagnostic nuclear medicine could play an important role in hemodynamically 
Diagnostic angiography
Diagnostic angiography is able to detect the source of bleeding at a bleeding rate of 0.5-1 ml/min (Figure 3 ). Its positive predictive value is 100% and its negative predictive value 24%. 21 In cases of anticipated LGIB, the superior mesenteric artery and the inferior mesenteric artery are first visualized on angiography in order to rule out the two main causes of LGIB-angiodysplasia and diverticula of the colon. When no bleeding is found, the internal iliac artery and the middle and inferior rectal arteries are visualized. 21 Extravasations of contrast medium are a reliable sign of active bleeding. 25 When no active bleeding is seen, a repeat investigation of the same vessels is recommended in order to avoid false-negative findings. When endoscopic treatment has been attempted earlier, the previous colonoscopy and the findings obtained by the endoscopist may be useful. In patients with an initially negative angiography, the previous diagnostic CT investigation and interdisciplinary planning are decisive steps for the localization of bleeding and optimal therapy planning.
21,26

Radiologic therapy
It has been shown that transarterial catheter embolization is associated with a lower 30-day mortality rate than surgical intervention in the high-risk group. The authors concluded that transarterial embolization should be the first step in cases of primarily unsuccessful endoscopic treatment. 27 In the presence of LGIB the embolization should be performed as close to the source of bleeding as possible because collateralization distal to the ligament of Treitz will not be adequate so that the risk of infarction can thus be reduced. 21 A variety of materials can be used for embolization ( Table 3 ). The most frequently used are coils and polyvinyl alcohol (PVA) particles. Ramaswamy et al. postulate that the choice of material for embolization depends on the experience and skills of the interventional radiologist. 21 Coils and PVA particles larger than 250 mm appear to be most suitable for LGIB. [28] [29] [30] Vasopressin infusions used earlier for LGIB are now considered inferior to the modern catheter technique. 29 Walker et al. achieved success rates of 80%-90% with arterial embolization. 25 Yet other authors report the technical success of embolization in nearly 100% of cases. The clinical success rate is about 90%. Technical success is defined as the manual execution of superselective embolization while clinical success is defined as subsequent cessation of the patient's symptoms. 24 Secondary hemorrhage is the most frequent condition that limits the clinical success of the procedure. 31 Complications include bowel ischemia and vessel dissection. Even superselective embolization is associated with a residual risk of ischemic complications in 5%-10% of cases. Observable symptoms of a complication after embolization include unspecific abdominal pain and a rise in serum lactate levels. 24 Clinical management should include postinterventional monitoring of the patient with the measurement of lactate levels, although clinically inapparent ischemia of the mucosa is seen in the majority of cases. 32, 33 Postinterventional monitoring after radiological therapy reveals re-bleeding during the first 30 days in 15% of cases. Ten percent of patients needed a surgical intervention within 24 h after the procedure. 34 In contrast, patients who had undergone endoscopic treatment had 30-day re-bleeding rates of 11%-50%. 1, 35, 36 Re-bleeding seems to occur more frequently after injection therapy than after the use of hemoclips. 2 
Conclusions
A paradigm shift has occurred during the last few years in the treatment of patients with LGIB when endoscopy therapy has failed. In these cases radiological treatment should be considered before surgery. Therefore a CTA prior to angiography is useful, especially when the source of bleeding is unclear. A CTA is also useful in order to detect anatomical variants or obtain secondary findings, in addition to localizing the possible source of bleeding. Selective investigation of the most likely area of bleeding should be performed. Coils or PVA particles are especially suitable for embolization in LGIB.
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